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The synthesis and properties of oligohydride (organo) siloxanes with pharmacophoric 3,5-dichloropyridylcontaining ligands Textile materials are extremely sensitive to light and the moisture of organisms and insects. The loss of textile materials because of biodamage amounts to roughly 40% of the total volume of losses during storage. Under conditions of increased humidity and limited air access, fungi and bacteria develop on the surface of textile materials, which are very detrimental to human health, as the microorganisms disperse in huge quantities in the air of apartments and warehouses, lodge in lung tissue, and create conditions in the human body that are conducive to the development of tuberculosis, penicillosis, and a number of other illnesses.
Existing methods for protecting textile materials against microorganisms can be subdivided into active and passive methods.
Passive protection is based on the chemical modification of the fibrous materials, since they do not break down when exposed to the enzyme systems of microorganisms, and also on the application onto the surface of the textile materials of film coatings preventing contact of microorganisms with the fibre. Methods of active protection are based on introducing substances that are toxic to microorganisms -biocides (bactericides, fungicides) -and that prevent or slow down the activity of microorganisms. The protective effect is the result of the chemical reaction of the biocides with protein of the microorganisms.
There is also the possibility of using organosiloxane oligomers containing biophoric ligands. These substances are capable of releasing biocides on exposure to natural light, moisture, friction, and so on, for the protection of textile materials against microorganisms [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . This protection method is fairly promising and is particularly cost effective as it makes it possible to combine two different stages in the finishing of materials -the antimicrobial and the waterproofing stages.
Research conducted at the A.N. Kosygin State Textiles University in Moscow into the process of synthesis and the biological activity of organosilanes containing pharmacophoric groups made it possible to group, for example, 3,5-dichloropyridyl fragments, the presence of which in the organosiloxane molecule predetermines the display of biocidal properties. The present paper sets out the results of studies on the synthesis of a series of organosiloxane oligomers containing residues of 3,5-dichloropyridyl-containing compounds in their molecules, and on the establishment and assessment of the biological activity of the organosiloxane oligomers and of specimens of textile materials modified with them.
The organosiloxane oligomers were synthesised such that the oligomer obtained contained chemically active silyl hydride functional groups capable of interacting with the functional groups of the fibre of the textile materials being processed, with the formation of strong chemical bonds. The oligomers were synthesised by Scheme 1: 
ExPERIMENtal
The initial compounds for the synthesis of oligomers I to IX were oligohydride (organo)siloxane (X), content of main substance 99% (determined by GLC), which was produced by the procedure set out in references [11] and [12] , n d 20 = 1.4315), and 2-amino-3,5-dichloropyridine (XI) (content of main substance 99%, produced by Lancaster), 2-hydrazino-3,5-dichloropyridine (XII) (content of main substance 99%, produced by Lancaster), N,N′-bis(3,5-dichloro-2-pyridyl)hydrazine (XIII) (content of main substance 99%, produced by Fluca), 2-carboxy-3,5-dichloropyridine (XIV) (content of main substance 99%, produced by Lancaster), 2-acetoxy-3,5-dichloropyridine (XV) (content of main substance 99%, produced by Fluca), 2-thiol-3,5-dichloropyridine (XVII) (content of main substance 99%, produced by Aldrich), 2-hydrazino-3,5,6-trichloropyridine (XVIII), and 2-carboxy-4-amino-3,5,6-trichloropyridine (XIX) (content of main substance 99%, produced by Aldrich).
Oligomers I to IX were synthesised by the following procedure: into a round-bottomed flask equipped with a stirrer and a reflux condenser with a calcium chloride tube was charged 14.43 g (10 mmol) of oligomer X and dibutyl ether until the formation of a 20% solution, and then 1.63 g (10 mmol) of compound XI and 1 g of freshly prepared copper powder. The mixture was heated during stirring to 100°C, held until the liberation of hydrogen ceased, cooled to room temperature, and separated from the residue, the dibutyl ether was removed on a rotary evaporator, and 13.64 g of oligomer I was obtained in the residue.
Similarly, from 14.43 g (10 mmol) of oligomer X and 1.78 g (10 mmol) of compound XII, 13.92 g of oligomer II was obtained; from 14.43 g (10 mmol) of oligomer X and 3.24 g (10 mmol) of compound XIII, 15.53 g of oligomer III was obtained; from 14.43 g (10 mmol) of oligomer X and 1.92 g (10 mmol) of compound XIV, 13.72 g of oligomer IV was obtained; from 14.43 g (10 mol) of oligomer X, 2.10 g (10 mmol) of compound XV, and 1 g of AlH 3 , 14.16 g of oligomer V was obtained; from 14.43 g (10 mmol) of oligomer X, 2.10 g (10 mmol) of compound XVI, and 1 g of SnCl 2 , 10.30 g of oligomer VI was obtained; from 14.43 g (10 mmol) of oligomer X, 2.52 g (10 mmol) of compound XVII, and 1 g of ZnCl 2 , 13.54 g of oligomer VII was obtained; from 14.43 g (10 mmol) of oligomer X, 2.13 g (10 mmol) of compound XVIII, and 1 g of SnCl 2 , 13.90 g of oligomer VIII was obtained; from 14.43 g (10 mmol) of oligomer X, 2.42 g (10 mmol) of compound XIX, and 1 g of AlH 3 , 14.47 g of oligomer XI was obtained.
GLC analysis was conducted on an LKhM-8 MD instrument (model 5) with a katharometer detector, helium as the carrier gas, and a gas flow rate of 30 mL/min. The column temperature was 210-280°C, the column length was 2 m, and the column diameter was 2 mm. The stationary phase was E-30 organosilicon liquid. IR spectra were taken on an SP M80 IR spectrophotometer in the 4000-400 cm -1 region on KBr, NaCl, and LiF prisms.
Properties and data of elemental analysis and IR spectroscopy, confirming the structure of the oligomers synthesised, are given in Tables 1 and 2 .
REsults aNd dIscussIoN
The oligomers synthesised (I-IX) are colourless, high-viscosity, liquid products that have good solubility in aliphatic and aromatic hydrocarbons, alcohols, ether, tetrahydrofuran, dioxane, dibutyl ether, and acetone and are insoluble in water. They are biologically active compounds. Table 3 gives the results of tests on oligomers I to IX for the growth of test cultures on a Czapek liquid medium, conducted according to GOST 9048-15.
To test tubes with Czapek liquid nutrient (2 mL) were added alcoholic solutions of oligomers I to IX (0.5 mL) such that the final concentration was 0.01-0.1 wt% of the total volume of liquid in the test tubes. In preparing the Czapek medium, account was taken of subsequent dilution with oligomers I to IX and with a suspension of test culture spores of 2 weeks growth. The following fungi were used as the test cultures:
• Aspergillus niger v. Teigh;
• Aspergillus flavus Link Fr.;
• Penicillum chrosogenum Westling;
• Ulocladium ilicis Thom (formerly Stemphylium).
The test tubes were incubated at 24°C for 5 days. The controls were test cultures grown under the same conditions but without the addition of oligomers. On day 5, the nature of growth of fungi was assessed according to a six-rating scale:
5. air and substrate mycelium; 4. spore formation and air mycelium suppressed; 3. substrate mycelium well developed, air mycelium absent;
2. substrate mycelium suppressed;
1. instead of mycelium, a suspension of cells and fragments of hyphae (sediment); 0. growth entirely absent.
As a result of tests, it was established ( Table 3 ) that oligomers I to IX are biocidal, as, even in a quantity of 0.01-0.1 wt%, they completely suppress the growth of fungi.
For the dressing of textile materials, oligomers I to IX can be used as biocidal compounds. To fix the biocidal oligomer, specimens of fabrics, after impregnation by a 1% alcoholic solution or an aqueous emulsion at 140°C for 20 min, are held on racks for 24 h. The introduction of 3-aminopropyltriethoxysilane (compound AGM-9) into the solution or aqueous emulsion in a quantity of 0.2-2 wt% of oligomers I to IX makes it possible to replace heat treatment at 140°C with drying at 100°C.
The amount of oligomer (I-IX) on the fibre is determined from the weight gain of the textile material. If, on single impregnation, drying, and heat treatment of the textile material, its weight gain does not reach the required values, then impregnation, drying, and heat treatment of the textile material are carried out several times, and are continued until the weight gain reaches the required values. As a result of the given heat treatment, oligomers I to IX are covalently fixed on the surface of the textile material by the reaction of condensation on interaction of the functional groups of the oligomer and polymer fibre (Scheme 2).
Scheme 2.
The resistance to mould infestation of specimens of textile materials of cellulose, wool, polyamide, polyethylene terephthalate, and other fibres treated with oligomers I to IX was determined by the procedure described in reference [13] , developed at the Institute of Medical Research of the Belarus Academy of Sciences. Specimens of fabrics measuring 20 x 20 mm were sterilised for 20 min on both sides in UV radiation, after which they were placed in petri dishes on so-called "hungry agar" with 2% saccharose, which was necessary to maintain a fairly high level of moisture in the dish. An agar grid with spores of fungi of the type Ulocladium ilicis Thom or Aspergillus niger v. Teigh was applied sterilely to specimens. After certain time intervals, 1-2 cells of agar with spores were removed sterilely from each specimen, the number of germinated spores was counted under a microscope, and the nature of their branching was noted. The given types of fungus were chosen because, among the imperfect fungi, representatives of the Aspergillus niger genus stand in first place in terms of activity of biochemical damage to the textile. Aspergillus niger conidia may also cause loss of micromycetes -competitors for the substrate. It is also known that primordia of Aspergillus niger mycelium are capable of surviving under conditions where the micelles of other fungi are damaged and die. Furthermore, they are very convenient for microscopic investigations.
The agar grid method makes it possible to simulate the contamination of material that finds itself under conditions conducive to the development of microscopic fungi, and rapidly (within a period of 2-3 days) to determine the bioresistance of specimens.
Comparison of the nature of fungal growth on trial and control (on a nutrient) specimens makes it possible quantitatively to estimate the degree of bioresistance of materials from the coefficient of fungal growth:
where T 0 is the duration of spore development before the appearance of a branching stage on trial specimens (h), Table 4 . Coefficient of the slowing down of growth for bacteria of different kinds on specimens of wool fabric (art. 45098.01)
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No. Amount, wt% and T c is the duration of spore development before the branching stage in the control (h) (for Aspergillus niger and Ulocladium ilicis bacteria, 10 and 34 h respectively).
The coefficient indicates by how many factors the growth of bacteria slows down on the specimens tested by comparison with the controls. The higher the value of K, the more pronounced are the biocidal properties of the specimens. Table 4 gives data on the biocidal activity of specimens of wool fabric (art. 45098.01), obtained by the "agar grid" method.
It can be seen that the biocidal activity of the fabric hardly depends on the type of bacteria and increases markedly with an increasing amount of oligomers I to IX on the surface of the fibre.
The resistance of specimens of fabrics and non-woven materials to microbiological breakdown with the use of the soil method (GOST 9.060-75) was estimated from the coefficient of resistance to microbiological breakdown ( Table 5 ). The method essentially consists in specimens, under certain conditions, being subjected to a natural complex of soil microflora by applying it to the surface of the fabric, and the coefficient of resistance to microbiological breakdown, P (%), is then determined as the ratio of tensile loads of the trial and the untreated (not subjected to microbiological action) specimen. The textile material is considered to be resistant to biodamage if P ≥ 80%. Table 5 presents data on the resistance of cotton fabric (coarse calico, art. 262-0-63) to microbiological breakdown after its treatment with oligomers I to IX.
From the given results it can be seen that the modified fabric hardly undergoes microbiological breakdown, and the coefficient of resistance amounts to 89.2-99.6%, depending on the composition of the modifying oligomer and the number of washes. The fabric retains antimicrobial properties after 3-5 washing soda Table 5 . Influence of the composition of the modifying oligomer and the number of washes on the coefficient of resistance (%) to microbiological breakdown of specimens of cotton fabric (coarse calico, art. 262-0-63) treatments conducted according to GOST 12.4 .049-87.
The hydrophobising properties of oligomers I to IX were checked on polycotton (raincoat, art. 82188) and cotton (coarse calico, art. 262-0-63) fabrics from the height to which the water column rose on a penetrometer (GOST 3816-81). Fabric specimens were impregnated both using compound AGM-9 (0.2-2 wt% of the oligomer) and without it, with a content of oligomers I to IX on the surface of the fibre of 0.1-1 wt%.
The maximum value of water resistance for the investigated materials (polycotton fabric 19.0 kPa (194 mmHg), cotton fabric 12.8 kPa (130 mmHg)) were achieved with an oligomer content of 0.3 wt% in the mixture with AGM-9 (0.2 wt% of the oligomer).
Also, a comparative analysis was made of the hydrophobic properties of polycotton fabric modified with oligomers I to IX and a compound of grade "Foborit M" now produced by industry. The fabric was treated by preoptimised technology. Test results are presented in Figure 1 , from which it can be seen that polycotton fabric modified with oligomers I to IX possesses high washing-resistant (determined according to GOST 12.4.049-87) hydrophobic properties. Here, the water resistance of the fabric proved to be 15% higher than when, for example, compound "Foborit M" was used.
Thus, as a result of the investigations carried out, a method has been developed for synthesising 3,5-dichloropyridyl-containing oligohydride ethyl(diethyl) siloxane oligomers capable of isolating biologically active 3,5-dichloropyridyl-containing substances and to give textile materials hydrophobic properties.
An analysis has been made of the effectiveness of the bioprotective properties of the synthesised oligomers, and the possibility of using them for effective protection of textile materials against biodamage has been shown. coNclusIoNs 1. A method was developed for synthesising oligohydride (organo)siloxanes with pharmacophoric groups capable of isolating biologically active 3,5-dichloropyridyl-containing substances.
